& OPEN ACCESS

Korean J. Hortic. Sci. Technol. 34(4):578-586, 2016
http://dx.doi.org/10.12972/kjhst.20160059

pISSN : 1226-8763
elSSN : 2465-8588

Received: December 2, 2015
Revised: April 8, 2016
Accepted: June 22, 2016

Copyright©2016 Korean Society for
Horticultural Science.

This is an Open-Access article distributed
under the terms of the Creative Commons
Attribution NonCommercial License which
permits unrestricted non- commercial use,
distribution, and reproduction in any medium,
provided the original work is properly cited.

‘These authors contributed equally to this
work

This study was supported by National Institute
of Horticultural & Herbal Science research project
(PI006509), Rural Development Administration,
Republic of Korea.

RESEARCH ARTICLE
a=gatz|olo| EYERI0| E%0| 27
UAEE Y 7|0| W0l 0|31 B

|EH

Qehz" - ey

SIS Ao IS A, "SECISD UL

Effects of Crotalaria Incorporation into Soil as a
Green Manure on Growth of Strawberry and
Inorganic Soil Nitrogen Level

T

Tae-Jun Lim'™, Jin-Myeon Park', Seong-Eun Lee', Young-Eun Park’, and Ki-In Kim?'

"Horticultural and Herbal Crop Environment Division, National Institute of Horticultural & Herbal Science,
Wanju 55365, Korea
’Department of Horticultural Science, Mokpo National University, Muan 58554, Korea

*Corresponding author: tacjun06(@korea.kr

Abstract

In this study, we evaluated the effects of soil incorporation of crotalaria as a green manure on the
growth and yields of ‘Seolhyang’ strawberry and inorganic soil nitrogen levels in a greenhouse.
Four different N treatments were used, as follows: zero N fertilizer (control), crotalaria, crotalaria
with 50% urea, and 100% urea. The recommended N requirement (100% urea) for strawberry
was 86 kg N-ha" and 50% of the recommended N (50% urea) was 43 kg N-ha™.
was sowed on June 17, 2011 and cultivated for 37 days. The amount of N supply from soil

Crotalaria

incorporation of crotalaria was 104 kg N-ha. Strawberry was planted on September 9", 2011
and cultivated for 255 days after planting. The concentrations of soluble solids and acidity of
strawberry fruits for the crotalaria treatment were higher than for the crotalaria with 50% urea
and 100% urea treatments. On the other hand, the growth and yield of strawberry was the highest
for the crotalaria with 50% urea and 100% urea treatments, followed by the crotalaria treatment,
and the lowest for the control. Soil inorganic N concentration for the crotalaria treatment was
continuously decreased to 24 mg-kg" at the end of the growing season, while crotalaria with 50%
urea and 100% urea treatments maintained an inorganic N concentration that ranged from 35 to
50 mg-kg". These results indicate that the amount of N supply from soil incorporation of crotalaria
may not be enough because strawberry yield was lower than for other N treatments. Therefore,
additional nitrogen, such as 50% urea after soil incorporation of crotalaria, is recommended.

Additional key words: fallow, leguminous manure crops, N recommendation, N uptake, yield
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ARl A 7] Bt Aot EFe] A Aol whE AHEo] A A4 5ol 5] Al ] w3 b=t ofet
H] & 7 [ O] T Jihe AotiA B AS A &4 e ot i T shr 2715202 AullotHChoi
etal,2010; Lim etal,, 2014). =7 F2F20 gt At Bl AHiokA] o= 74171 5etoll A TAE wEstal A= 21471
L 7423 o] 7ol el FUR0 24 TR S-S B0kl T AR S Wk Park etal, 2008).
7\—7{ ZFEol= S W (Secale cereal L)} 518+~ (Sorghum biocolor L.) 5 S}E1}9} 3|0 2]¥| %] (Vicia villosa Roth)2}
Azeee|oNCrotalaria juncea L) & TR R R - QUTh 20 R Tet A 2R Al IS0 Sk E ) Bl
5l =2 APAIF-S BS54 2lol(Won et al, 2012; Lim et al,, 2012), EHS oA 7718 TFS =0 U E S
Z= g= QAT HFageria et al., 2005), 252 AE A= 52l0] 111 AlEA| 0] AAg ko] 27| wjie] S2RE Z| 40

121 El

gt dagdseo] YrhLee etal, 2006).

T EAEAES Aa 1S FolA FAE A4S SEE A Aol SRR AR Al EY 4= Uk Jeon et
al.2009) T Bl sfloj=]H|] okE & 5Y ST Zﬂﬁﬂﬁ}% 78 ﬁ]ﬂ‘ﬂﬁﬂﬂoﬂfﬁ TEY e Hh IS
207kg-ha'2t1l H11 511,01 Lee etal 201 1)~ gloje]H| 2] 2] EofE —ﬁr 0] 45F0] 5 449kg-ha 2 SJSH| 7 HSEA|H|F
G} 515 2258 92 et SIS Gl A 2 4 5] ZHe 2ol I 874

Sl EARRFEoltt Iz Eele]ol= olw 7 YAtz ol Ay ?i}giﬁ’ﬂ(Wang and McSorley, 2010), F=j°]| eFo}7| wf2of ¢
gluztollM= 2 of 5ol o182 4= A= 5 AE A=olth(Cho et al, 2013), ©] 229] £ 0 &= A5o] wh=r| fiE
Ol B2 AIZE Sl B2 -G 912 2 IEHSchomberg etal, 2007), TEg 2Rgel g A4 THEo] o 0% L}
W ohet Eof Ui HE| 2450 A a7 FHolu FEAE A=A 9] o187 FA7FETHMcSorley et al, 1994; Yano etal,,
1994).

SR fEe] Aok A AR 20148 7]E 2 2 63,800hac ] o] Fofl M HY = 4, EVFE B0 2 g2 6,800ha
0110.7%2 2}A]5H1L Q.o H(MAFRA, 2015a), A8 0 2 35401900 2 A4 2 7P 5O WA Lehjjs Z-2olc
(MAFRA, 2015b), T} = itz © 2 9= E] o} S| 5U712] Ao} 6 GolH 8 WrAl= diEE o] 3570l 4 Fzt s A
S WA= 1ol E4E olal ik shARt = Eiteld 40 Sl whE AJsla 2 G 0] 9271 7] diEoll(Kim et al,,
2010), 500 ©}-8 7Fs ¥t FAEAE Y A=Eee|orE Aok 2] Aok e Badstal vlm o] ARgatE ekt
arjzolct

ol A=Eete]ore] AARIE B TEQfo A ofEwgo] S0kgha'd off A WA 155kgha! 2 7P =3t o
(Choetal,, 2013), AR Ea}2|oto] EQFele] & AFae0] £=5F0] 12 640kgha! 2 A AH| 7 o] AH| glo] &k Z|tfo] ARES A&
= Urh= 2Y7F IeHLim et al,, 2012), SR SEASAFE TR0 2= 1 5of SEt o] HAE FHcHA SotE e HaHg
£ 2712 ZEofoFsite B QItKSung et al,, 2008). W7 )= 7|7 AfjiahE 2 QP Q] 4k 51H 2 QJafjAl= 4357
259 B} 3 7 Aasize] A7 RS ol Sl FARAER e A9 4ol BEo] Badl) 19
B gzgetejofe] Eofetlo] 2km W7o et ol n|X = I, 1 EFe v o A4 gaE ol dit 8=
56}04 stoh| & Al 7Fs/de 87 i 2 oot ik

A= oE e lol AzgetobE ARt & EY oz o) ghel 22|71 A4 oot e Bl EekA| 2| ote] vl E F5]
A ﬂi‘:é@faloﬁl ORt 7| g Aa Fgae] njals Y= Lotdr] FeiA sask
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HAEL 2011 6LHE 2012 5971A] A7k o] HA] HEHES(EL]37°18°19.90”, =7 127°30°55.117, 115 44m) A4
9] A7l ol gic A8 Eake] EALL AR 0|31 k] pH= 6.20] 9107 E9FO] ECE 2.1 5dSm ' 9} 24Teh
A 93mgkg S UERHIEKTable 1), 712 A} R A7jol] FAS21E Aej7olis 2zgetelolCroalaria
juncea L) E7} 60kgha™-& 69 1710] 551,07 79 249171 372k At ol ool Shisliet. o] sl
Angetelote] A4 THTHE 104 kel0a o]gon] AornAwe Audeteiol] g athie] Augeleiot
A2FS Bot] Al

Table 1. Chemical properties of the soil used for the field experiment.

pH EC OM Avail. P:Os EX. cation (cmoh+kg) Inorganic-N (mg-kg")
(1:5) (dS'm™) (gkg") (mgkg") K Ca Mg NOs-N NH:-N
6.2+0.02° 22+0.03 21+04 709+64 144005 65+034 23+0.12 93+4.1 11+13
“Mean + standard error.

EFA7ol Rt E7] 0] AH] S EQFECO 24 &Y =187 — 47X(Y: AaA|H[F kgha™!, X: EFEC)] Hi<ist
o] APSSFATHINIAST, 2006), A A AJH] 2450 100% 2 50%E AP0 01 s AH| 5 9] 2532 R 446-0-0)5 55
s1ock A4 A1E Hale B 3 2o} el AaEelEloh d 50% @ AKETE 100% QA4S S 442 59
T 3EER 0 2 MRJSIIEE AJFTY] 271 71R Sm X A= SmE AA] 1522 Hof| ofke A4S Fo] o2 1
HJ= 60cmo] 1 9F=H 0] o2} L H]=42 5emo|Qlt} T7] AJAL- oFz: 2= o] A C ofli= | & A5} 0 n] Z20k0- 2 Afu 2
AAKIAR 20 X 25emoIch 1007 AREIFSF 50% 8219 4 15 AVRFE 217156 84 kg 00 ols1or
e e 2 Bk A Tl A4 F 4T 109 179 BT 18] B ok, 1 4450 SY 177 w2
34 ﬁxﬁo}du} 100% Q4279 50% 9422 T0] W i 77 40meL T 20mg L1 9Lo ™ ts] A4 H]
23 Ak} 10mme) ORS Z 4235] AR A Z2stelch BAE] W g 2ekelejo} Mt AAH|E glo] EelstoFo & Bat
P Ack

] AT ARLSH T o] ZEO Agko 2 20114 99 82lo] B2 A Al51od 2012 59 18217H4] 255217+ Auhalact
719 A% A F-210991 48 40o] HePEE 65 thalr] 2 B AAFES 2RO m, 925] 2R 4] 1 el
oA At AE-S AT B71 9] Y b A= 38 8 U 38 21 Uoj 28] AAA A O, i 24T =

A(PR-101, ATAGO) &2, A= 315 SmLof| 5574+ 20mLE 3713 3-0.IN NaOH 2 pH 8 1712] Z4Ja}ict. EEde]
S A T 90 YHE Aulrt E=E wj7kR] EQR-EANA] (Watermark moisture sensors, Spectrum Tech.) S 15cm EF ZJo]o]|
2510 W, 247Ee 250 2 A7bE 4= Q1= tf|o]E] 2 7](WatchDog 1000 Series, Spectrum Tech.)o]l 1At} E7|
A & 27] @ Z7]ol= Eoko] 2BAH O —7kPao| A GA]E]Q.0 1] T7]o= ~7kPao]A] —15kPa] Q] Ujo]A] EOF 2=
Byle)7} o] 2ol AkFig, 1), EOF 2 Sr]e] At m] A4] 5902 30 7H4.0 2 0-20em2)] Z00]] EokS Zjat

of 2453
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Fig. 1. The change of soil moisture tension from 30 days to 255 days after strawberry planting at crotalaria with 50% urea.

SR L

Ao

EF oot 242 2mm AE FRt 1 Al HishH EF pHE ESTEC] vl 1152 5101 30:23F 315
© Z]7
T

meter(ORION Model 720A, MA, USA)Z Z45}91 11, EQFECE1:52 A&3)

3 5 pH
7| =& A|(YSI Model 35, OH, USA)

2 245190t} 87152 Tyurint](Nelson and Sommers, 1996), -G-8 Q1AFS Lancaster ] (NIAST, 2000) 2.2 2|84 K, Ca,
Mg-& IN-CH3:COONHa(pH 7.0)215800 0 &2 2]=510] ICP-OES(MMX2, GBC, Australia)& AFE5Ho] =74513Ict ZATE
A4 2M KCIZ Z&E5}o] A(B-316, Biichi, Switzerland)2 Z555F & SRAIEZR00 00INZ A5l AXGIITH
(Mulvaney, 1996). 2124 A| 2= 70°Col|A AZ T 5] Al 22 A B2 HHCIOs H2S0: = 10:1). 0.2 &4] Bofjsto] 2
2EKjeldahlH(NIAST, 2000)2.2 ZA5}9ct. SARA-2 SAS =2 T3 (Enterprise guide 42, USA)S ©]-85131.0H,

Duncan®] T34 © 2 Hzko] SA4 Golde vl st

o — s
2ot 0

a=2ERgt2|ote] A nMef

HIE ANSHA] e o F A2 | EAEAE R ARgete|orE 37U Al At Az Eeteiote] 242 139cm"§iﬂ

B 220kel0r' & 28 4 I5IEHe D, 2212 2ol B AR A kg ' 082000l
s Y Wdgkg 'S LeRHGIE, Reetelote] AR AAgR 2 Eoko 2 Bl §7)8) Aad wgoR

FHIGHA 104k 100 S LR oL ofeiet Zohe I 2eefelob AT W 14301 9Skel0r' & B 5 ATieh-fALGH
THMubiru and Coyne, 2009), §HH 212)7]9F=0} AJQH= 0] A4 1 AJeke. 7}7} 4387} 5 54ke 100 2 B T E]QICHCho etal, 2011),

Table 2. Crotalaria of height, fresh weight, dry weight, and N content and the amount of N supply from crotalaria incorporation of sail.

Plant height’ Fresh weight Fresh weight N content N supply
(cm) (kg 10a™) (kg 10a™) (gke) (kg'10a")
139+£2.4 3300+ 100 355+8.7 294+0.1 104+03

“Crotalaria seeds were sown on June. 17th in 2011 and the cultivation period was 37 days.
*Mean =+ standard error.
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£ 3 Bole) Ak FFS 100% S4Hel7e ARgetelol I 50% RaAIo HelrEe] ¥y
35-50mgkg™ O] S M Fig, 2) B7] S 713 obH B S QIR E] A3 B8 Wk B S0

htt Fztete|op Aeite] B F 7 18] ARt AR Bl st kAR 100% 8422l 7e vl e 734
7o Aaedgo] Wokal o) QI B o] A FHo] S| o FoIAIA] ¢hotA B719] o] A2 Zl o2 A B9

o Sielx g eEekejol A4 FH5FS 104kg10a' 02 100% E5 A AJH| 2245821 8 6kg-10a™ Hrt 1 8kg10a ' THE
o] ool B FAHUAT E7]9] pih @ 5] A QI o]2Rt o752 shb= Az "ete|ote] e E0] 176 0 = 5fjof
elj19] 11930} 5o} A 0 = Bk of7] ThEe] 4T Eselo] UekS 710 2 BerkSung etal, 2008 Cho e
al,, 2013). Wagger(1989)= ©HEE0] Y245 HAgw'5eo] 01, slofeH|2| & tldo= 165:7+0] 772} 7 oflA]
65-87%2] AA7ESNE T SF3IH. o]of Whel| 2 =Heteololi= 5 AAwro] 5095t S21E Aol o8 s Sl B
215k THSchomberg et al., 2007). 7 WA= 7l E AR ek = oFo] difto] Ax=gete]ore] Eqfetd & 454

of o] Foix=H|(Lee et al, 2013), B7| 4] & 22 ~10kPa o] 0] F2et ¥ QI 77|13k A0 F-Zo] #
2] T ol B 7 o2 WoHETt of= A4 $ 9090l B 5 YA A FARE FiEa LeRd At

25 4584 gk

L
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50 F
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Fig. 2. The change of soil inorganic nitrogen concentration during the growing season after N treatments. Vertical bars indicate
standard deviation of the mean (n = 3).

W2:0] PRGN Wk F I TReflole} spot| o] ol Ba FFFORNE W] ABAZ 4D B 4HE
72 AR A AT Table 3), B7]0] 2k GRS 100% QA2 10l ~15.7kgha 19l Hivio] Amgele)
of el 7o} Sz etetelol 0l 50% Q4| FoA 22t 18,0746 kgha & HE, B719] Ak FEAA7100% 4
2704 0] gES Holol g Eopo 2 e AAv} 3714 0 2 W0 T Ak FkE HolF gl 5716 W]
Pe)2 £ B Aefeiole] 49 FFH AARp] Wi P P76} WA AT Schomberg et al, 2007),
Lol 2ol b Bl HobH £712 37 2 336 Y 5 EFRAL A 9L st o e
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Aol REL 100% Q42N Tol 36.6% 714 9ko vl Azgetelo ) oA 15.1%:2 77 e 2 Uerisl
o} Yano etal (1994)& S 2etelolr} Eofo] $15HF] 222 wo) 4o} &6-80] 94% K Ws}o] B A7}l 2k
S Ve,

Table 3. Soil N budget and N use efficiency of strawberry under soil incorporation of crotalaria and N fertilizer.

N input (A) from PlantN Soil N

Treatment Crotalaria Urea Total uptake budget N use efficiency”
®) (A-B)
kg-ha'

No fertilization 0 0 0 703 ¢ =703
Crotalaria 104 0 104 86.0b 18.0 15.1b
Crotalaria with 50% urea 104 43 147 100.1a 46.9 203b
100% urea 0 86 86 101.7a -15.7 36.6a

"N use efficiency was determined as N uptake fiom N fertilized plot-N uptake from untertilized plot 100
X

Rate of fertilizer N applied

*Means separation within columns by Duncan's multiple range test atp < 0.05.

©7|o| Mg U £

Azgetejof Aol A 7] 0] AIF-2 97 Ag/plant, F79.2cm, BE7.5cm, A4-=22.810] et B71 9] WA, A,
AE, Gre Ao A=l FARIER ok ool fle Aoz yebdal Szgeteot Bl 50% 2442t
100% g7 2ol 879 AYAIE, B, B, A2l Aot §lSith(Table 4), oj2fel Avhs Szgete]ot EoF € A
Azgeeopte 33 718 HaH104kg10a) S 2= 212 Y10 Aa 587 SE5HA] ot F7H4]] Ha
SEe Slor g A oz whebEnt Bl 100% 8 42|77 [e 4 8 6kg 10a™ )2k A=} 2]oF B 50% 8442 7K 7]
Bl A4 104kg10a + F7|E 4 4 3kg 10a™)?] 7370l SETE EaARE2 B7] A5l S2e A oz Bw . of
€ AzgetRlot A2l tro e B7 1wl ot SEet Aavt T a A ¢otA Argeteiols ooz ASE A
G Azl tEAlE] Hrhe Azgetejot 8l . 50% 848 712 35 73 100% 8442 Thae] |
APF ol ol A B2 AVAA ] oA B | AuHA] Sfebd g Al S zEeRor B 50% 84 A 2HHE AT
ST 710l RSB ofet] & AR S0%71A] AS e €Y & ke A o= ek

Table 4. Influence of soil incorporation of crotalaria and N fertigation on the growth of strawberry at 210 days after planting (n =6).

Treatment Fresh weight Leaflength Leaf width Number of leaves
(g/plant) (cm) (cm) (ea/plant)

No fertilization 7220 8.6b 73b 194b

Crotalaria 974 ab 92ab 7.5ab 22.8ab

Crotalaria with 50% urea 120.1a 99a 7.8 ab 242a

100% urea 1249a 10.1a 8la 240a

“Means separation within columns by Duncan's multiple range test atp <0.05.
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7] o FAR I EE B A2|olA] ol g Holx] QRtARt Fieolde FAHIoIA 71 EkAT 100% 844
Tl HAE Hehi itk (Table 5). o= B7] MM 420] T7h= T & A HAE 72 Hal Harstgl 0™ (Correia et al,,
2011), 27| spego] 71 A2 TR B2 71 =3kl o] 7P H 100% 842l 7ollM 7P e B elide
Lehd Zafoll A kgl diet B/g2Rgol ofRt 210 & AbmErhKano etal, 2007; Lim etal,, 2009).

T d

Table 5. Influence of soil incorporation of crotalaria and N fertigation on the fruit weight, sugar content, and acidity of strawberry at 180 and 195
days after planting (DAP) and fruit yield of strawberry.

180 DAP 195DAP

Fruit Soluble Acidity Fruit Soluble Acidity Fruit yield

Treatment . . . . B
weight solids %) weight solids %) (kg-10a7)

© (°Bx) © (°Bx)

No fertilization 2564 9.50a 576a 243a 10.11a 475a 1,520 ¢

Crotalaria 257a 9.62a 585a 238a 991 ab 482a 1,830b
Crotalaria with 50% urea 243a 892b 589a 23.1a 9.58 bc 494 a 2,070 ab

100% urea 242a 8.18¢ 589a 229a 945c¢c 5.10a 2,110a

"Means separation within columns by Duncan's multiple range testatp < 0.05.

2] Bt o] A ok ARt gEAlR] Hips AREEiE|or ol 5 50% 848 IR 35 et
100% 84227 22| Alofl E3kon] ol2fRt k= 7)) 4| A4 E5S 571l SFATKTable 6),

Table 6. Influence of soil incorporation of crotalaria and N fertigation on nitrogen (N) content and N uptake of fruit and leaf with petiole in
strawberry.

Fruit Leaf with petiole
Treatment N content N uptake N content N uptake
(gkg) (kg'10a") (gkg) (kg'10a")
No fertilization 1.04 ¢’ 175¢ 197b 528b
Crotalaria 1.12b 221b 201b 6.39ab
Crotalaria with 50% urea 136a 2.88a 2.14a 7.13a
100% urea 138a 290a 2.17a 727a

“Means separation within columns by Duncan's multiple range test atp < 0.03.

g719] g FAEOIA 7P W2 1,520kg 10a 0] 9] o S=Ekefe]oh Aol = 1,830kg 10aE o] AtEO] 5
eI ol2fet Ak A=Eete|ols AAgHd o= slo] S-S ARt 2ae oSt lrHNdufa et al, 2008). 2]
7HAA H| 5 0] FE U0 2 A0 e o= 2 0 & T, A e EElejo Aol o 27| ek 2o E 50%
[} 100% 84 2]] Hlaste] pfo] 2| 31al, 551 100% f44]2eke ol e Aol Hetli gl 2
zgetEjot 3l 50% 8472|721 100% f4A] 2ol B7] o] Fdet if Aol 7FssilEt], o= 100% 8 4422}
AzEeR]or 3 50% g2l M B ] A7 IRE3 B E-77 T Aawo) vlsselo] ] B0 AaE 555t
7o At Alol7t e A o= TR QIHHFig. 2). oo At E Falo] Azgetote] e SE et ¥l =
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7] A 35-50mekg SEE FAIE A B0 ke 984 2 7102 Pekr,

)

2 429) Azgeieiolo] Ealelelo] FAR U] g o] A%} 4o T3 o F 5 ebEa T nlaj o
WSt sk AlRe P LT, Azgeleloh 4oy, Adetelol Ul S0% aAHE T, 100% 224275 44
S5t} ) NS Sk e s AHIEe] 10072} 50% A4 S 21748 6 W 43ke10a-'0]0ck A2 detelop
011 69 17910 w5101 3720k At 5 0ol o] Sglston], 4le] A zetetelol A7k 104kg10a o]
71 99 9900 4] F25590 Atk T eteloe] Eokpele] AEgeo} 9 50% AAE 19t 100%
anAel 7ot H|ste] B710] Ao oML GOAE ot e S S AnhE Reirk she Azdetelop
Aol 2o 4248 el Sz detelol 8l 50% 9442 7:2H100% 8 4He| 79t Hlwsto] B7o] ATt 24
S, @) A7 17 et E9ke] 78 A Heke Asgetelor gelol i T8 7isiel @) ARk 73]
off= 24mekg 5 Lebdl viio] Amgetelol Ul 0% QAHElTo} 100% S TolAe] Bake] FolH) A ke
35-S0mgke 4% AIBIATE B719] Ak o] S &L AzEelelo} el el 151%0]0ln Aeetelol 9 50% &
A2 79} 100% Q470 Wa ol §HEL 7720399} 36.6%] AzEelole] Wi ol § ko] Ametelop
51 50% 84219k 100% 944 7:0] A2 ol §- ST Rk o|efd 2tz e AEgelole] EgRio
G7]0] 2o} 4752 94 22 4+ QI Tejue Azgeleiole] Eefelel 7 37b0] Ak Fido] WAsiH- AR 9L
S 3Eh, AErlalo} o B1IA] B A4 AJu] ) 50068 Sfat s e 21 FRI8HAS 100% 8442
ok uig EORO] 1) Ak e 35-S0mgkg |4 HAITHO 2 B10) Hri4 ke 9S4 9 A0 PR,

32 rlr o odk
N

i
i
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O
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